Motor activity of 158 Polish Holstein-Friesian cows was evaluated 5 times (before and during milking in a DeLaval 2*10 milking parlour) for both the morning and evening milking, on a 5-point scale, according to the method of Budzyńska et al. (2007) . The statistical analysis used multiple logistic regression and classification trees (Enterprise Miner 7.1 software which comes in with SAS package). In the evaluation of motor activity, cows that were among the first ten to enter the milking parlour were more often given a score of 3 points before (11.5%) and during milking (23.5%) compared to the other cows. Cows' activity tended to decrease (both before and during milking) with advancing lactation. The cows' reduced activity was accompanied by shorter teat cup attachment times and lower milk yields. The criteria calculated for the quality of models based on classification tree technique as well as logistic regression showed that similar variables were responsible for the reactivity of cows before milking (teat cup attachment time, day of lactation, number of lactation, side of the milking parlour) and during milking (day of lactation, side of the milking parlour, morning or evening milking, milk yield, number of lactation). At the same time, the applied methods showed that the determinants of the cow reactivity trait are highly complex. This complexity may be well explained using the classification tree technique.
Introduction
In recent years, animal scientists have shown a considerable interest in cattle behaviour (Philips, 2002; Kowalski, 2005; Budzyńska et al., 2007; Adamczyk and Gil, 2014; Neja et al., 2015) . Behaviour can be defined as the animal body's overall response to environmental factors, one that is genetically determined but also modifiable as a result of adaptive processes; therefore, behavioural analysis can serve as a method to determine welfare levels in animals (Kowalski, 2005) .
Milking is one of the most complex operations in the farming and production of dairy cattle. The use of milking parlours in free-stall systems interferes with the behaviour of animals and requires the cows to develop new behavioural reactions desired by handlers during milking (Paranhos da Costa and Broom, 2001 ).
Statistical analysis of behavioural traits in cattle can be performed using different methods and models (Budzyńska et al., 2007; Adamczyk et al., 2011; Adamczyk and Gill, 2014) . The recent advances in statistical methods have led to development of new tools for data analysis, known as data mining (Lasek, 2007) . Data mining techniques, which include cluster analysis, decision trees, and artificial neural networks, find application in different areas of human activity, such as finances, medicine, and animal breeding (Abu-Hanna and De Keizer, 2003; Feldman and Gross, 2003; Sawa et al., 2004; Austin, 2007; Lasek, 2007; Piwczyński and Sitkowska, 2012; Grochowska et al., 2014) . One of the data mining techniques are decision trees, where a tree model is constructed by segmenting the whole group of observations into subgroups (so-called leaves) that are maximally homogeneous in terms of dependent variable (Lasek, 2007) . These divisions produce a graphic model with a tree-like structure. It consists of nodes, branches, and leaves.
The aim of the study was to perform statistical analysis of dairy cow reactivity before and during milking in a milking parlour, using classification trees and logistic regression.
Materials and methods
The study was carried out in a free-stall barn with a DeLaval 210 milking parlour. Observations were made on 158 Polish Holstein-Friesian cows divided into 4 technological groups. Motor activity of each animal was recorded 5 times for both the morning and evening milking, according to the method reported by Budzyńska et al. (2007) . Continuous direct observations were made for each cow between entering and leaving the milking stall, distinguishing between cow's activity before milking (during udder cleaning and teat cup attachment) and during milking. A 5-point scale arranged in decreasing order of excitability was used:
1 -persistent and energetic stepping and kicking, excitable cow, 2 -persistent and energetic stepping, no kicking, 3 -energetic leg movements, intermittent, 4 -standing with occasional, slight leg movements, 5 -standing, no movement of legs, very calm cow.
Cows' activity before and during milking was determined by the following factors in the statistical modelling:
 lactation number (1, 2, 3, 4 -7),  order of entry into the milking parlour (first, second, third, fourth, fifth) of 10 cows from different technological groups (1, 2, 3, 4, 5),  side occupied -side occupied by a cow in the milking parlour (left (L) and right (R), within the area of stalls 1 -3, stalls 4 -7 and stalls 8 -10) -L1-3, L4-7, L8-10, R1-3, R4-7, R8-10,  time of day when the cows were milked (morning and evening milking).
In the statistical modeling cows' activity before and after milking was also determined by milking factors such as: lactation day, milk yield per milking (kg), teat cup attachment time (TCAT) (s).
Statistical analysis of the effect of these factors on the behaviour of cows before and during milking was performed in parallel classification trees and by multiple logistic regression. To this end, SAS Enterprise Miner 7.1 software was used (SAS Institute Inc. 2014).
For the statistical analysis, the group of observations divided into two sets: a training set (60%) and a validation set (40%). These sets were generated by the stratified
sampling method. Preliminary fitting of the model was the purpose of the training set. On the other hand, the validation set allowed to compare the quality of the generated models, but also to avoid overfitting (SAS Institute Inc., 2014) . When building the classification tree, the minimum terminal node size was set to 30, with maximum depth of 6. It was also assumed that a binary tree will be created. When determining the leaf size and tree depth criteria, authors wanted to avoid overfitting the tree to the training data, which could result in the reflection of random relationships in the validation set (Piwczyński et al., 2013) .
When constructing the classification tree, was used the Gini index as the division criterion (Piwczyński et al., 2013) :
where: p -the probability vector of object assignment to classes in the form of:
, k -the number of classes, l -the size of class, n -the size of analysed population (cows).
The applied criterion of tree splitting was a result of using the CART algorithm. The developed models of classification trees belong to the Single Tree Models (SAS Institute Inc., 2014).
The Gini coefficient has a property whereby this measure takes on the value of zero when a trait distribution is centred on a single value. The higher the values they take, the more diverse a population is in terms of the examined trait.
The ranking of variables in terms of their importance in creating data set splits was prepared based on the "Importance" measure (Piwczyński et al., 2013; SAS Institute Inc., 2014) .
The quality of fit of the constructed models to the data was compared using average squared error, misclassification rate, cumulative lift, Kolmogorov-Smirnov statistics and the area under the Receiver Operating Characteristic curve (ROC index) (SAS Institute Inc., 2014) . Decreasing values of the first two statistics are indicative of the increasing value of the model. An inverse relationship holds for the other model quality criteria, namely a better model has higher statistic values.
The following information was added to each created node and a resulting leaf: number of node ID (1), percentage of cows with reactivity up to 3 (6.43%) (2), percentage of cows with reactivity up to 4 (41.94%) (3), percentage of cows with reactivity up to 5 (51.63%) (4), number of observations in a node or leaf (949) (5). For the purpose of comparison, statistical analysis using multiple logistic regression was also performed. When constructing the regression model, stepwise forward selection of variables was used (SAS Institute Inc., 2014), and 1 interactions were accounted for in addition to factors (variables).
Results and discussion Table 1 shows the percentage of cows with different reactivity before and during milking, depending on selected factors. The observed dairy cows were less active before milking (only 6% of the cows made energetic leg movements (3 pts.) and as much as 52% were assessed as calm (5 pts.) than during milking (as much as 15% with a score of 3 pts. and almost 40% with a score of 5 pts). The results obtained are in agreement with the findings of Budzyńska et al. (2007) . With the age of the cows (consecutive lactation), the proportion of animals whose activity was scored 3 pts. tended to decline, with a decrease from 7.3% to 3.5% before milking, and from 17.2% to 7.0% during milking. The percentage of excitable cows was observed to be higher during morning than evening milking. In the consecutive tens of cows that entered the milking parlour, the proportion of excitable cows (3 pts.) decreased from 11.5% to 2.1% (reactivity before milking) and from 23.5% to 10.5% (reactivity during milking). Budzyńska et al. (2007) reported that more excitable cows were the first to occupy the stalls in the milking parlour. Regardless of the side of the milking parlour and the area occupied, the proportion of restless cows (3 pts.) was mostly over twice as low before milking than during milking. Paranchos da Costa and Broom (2001) found no evidence that dairy cows were discomforted when milked in the nonpreferred side of the milking parlour. Analysis of the results in Table 2 shows that milk yield (12.7 kg) was lowest in very calm cows (5 pts.) and increased with increasing reactivity of the cows (both before and during milking). Teat cup attachment time increased with increasing motor activity of the cows (by about 1 s). The cows' reactivity decreased as lactation advanced. Most of the results of other authors also demonstrate that the cows' milking behaviour does affect their milk yield. According to Maffei et al. (2006) , especially in Holstein-Friesian cows milk yield is higher for nervous and very nervous cows than for calm cows. Praxedes et al. (2011) reported that the higher handling costs for nervous cows are compensated by their higher milk yield. The measures used to assess the quality of the classification tree model and of logistic regression show that both statistical methods have similar predictive ability (Table 3) . At the same time they allow a conclusion that statistical models for describing the reactivity of animals prior to milking have a better quality than those during milking, as evidenced by the calculated measures of model quality (Table 3 ). All the ROC indices assumed relatively low values, which suggests that both logistic regression and classification tree technique have limited predictive value for cow reactivity before and during milking (Lasek, 2007) . Higher values of the area above the ROC curve (0.611-0.711) were reported in the present author's earlier studies (Piwczyński and Sitkowska, 2012; Piwczyński et al., 2013) . Table 4 presents the importance of different variables in creating a graphic model of the classification tree describing the reactivity of cows before and during milking. The results obtained prove that cow reactivity before milking was influenced most by the teat cup attachment time, day of lactation, order of entry, and the place occupied in the parlour. In turn, the reactivity during milking was diversified most by day of lactation, place occupied in the parlour, time of day, and, to a similar extent, by milk yield and number of lactation. Logistic regression analysis of factors that affect cow behaviour (Table 5 ) revealed that they include teat cup attachment time, order of entry into the milking parlour, place occupied in the milking parlour, day of lactation, and time of day for reactivity before milking; and milk yield, teat cup attachment time, order of entry into the milking parlour, time of day, and place occupied in the milking parlour for reactivity during milking. The classification tree for cows' activity before milking (Figure 2 ), based on Gini coefficient reduction, has 6 leaves and is 4 levels deep. The most important factor differentiating the cows' activity was the teat cup attachment time, on the basis of which two sets were identified: <4.5 s (node 2) and ≥4.5 s (node 3). The former set was characterized by an approximately twice lower proportion of cows whose activity was scored as 3 and 4 pts. In a study by Budzyńska et al. (2007) , the mean teat cup attachment time of 7.84 s was positively correlated with reactivity during milking and negatively with reactivity before milking.
Abbreviations: TIME -teat cup attachment time (s), ORDER -order of entry into the milking parlour (first, second, third, fourth, fifth) of 10 cows from different technological groups (1, 2, 3, 4, 5), DIMdays of lactation (days), SIDE -side occupied by a cow in the milking parlour (L -left side of the milking parlour, R -right side of the milking parlour). The first set of the cows was not further partitioned and became a leaf. Node 3 was partitioned based on the milking day variable and resulted in a subset of cows up to 58 days of lactation (node 6) and those beyond 58 days of lactation (node 7). Among the cows up to 58 days of lactation, the proportion of cows with highest motor activity (3 pts.) was 3 times as high as for cows at a more advanced stage of lactation, which confirms the results presented in Table 2 .
The factor that differentiated the early lactation cows (node 6) was the order of entry into the milking parlour: the first twenty (subset 10) and the remaining cows (subset 11). In the first subset (10), which was not further partitioned, 68% of the cows were scored as 4 pts. and only 20% as 5 pts. In node 11 there were over 42% of very calm cows (5 pts.). According to Budzyńska et al. (2007) , more excitable cows were the first to occupy a stall in the milking parlour. Earlier research by one of the present authors showed that highest yielding cows more often entered the parlour as one of the first ten or twenty cows compared to others (Neja et al., 2006) . According to Galindo and Broom (2000) , the order of entry into the milking parlour may be determined by actual daily milk yield, stage of reproductive cycle, and health status of the cows.
In this case, too, it was found that cows that were more reluctant to enter the milking parlour (node 17) were more often calm before milking. The largest proportion (almost 27%) of restless cows (3 pts.) was found in node 16 for cows that were among the first thirty to enter the parlour.
The factor differentiating the cows from day 58 of lactation (node 7) was again the day of lactation (subset of cows up to 404 days of lactation (node 12) and beyond 404 days of lactation (node 13). As much as 64% of the cows from the last subset were characterized by low reactivity (5 pts.). This node was further partitioned based on the place occupied by a cow in the milking parlour. Almost 80% of the cows on the right side of the milking parlour (node 20) were assessed to be very calm (5 pts.). According to Dobicki et al. (2002) the tendency for regular choice of the left or right side of the milking parlour by the cows is similar to normal distribution. The authors showed high repeatability for the stall number chosen by a cow (0.25<r<0.64). At the same time, they found significant repeatability for the order of cows entering the milking parlour in the case of all milkings, and the calculated coefficient of correlation (=0.546) may indicate that this trait was a permanent herd behaviour.
The model of the decision tree for cow reactivity during milking was more extended 12 (12 leaves and 6 levels) (Figure 3 ). The first partition was based on the lactation day variable, giving node 2 (<81 days) and node 3 (>81 days). Among the cows up to day 81 of lactation, as much as 31% made energetic intermittent leg movements (3 pts.), 41% were standing with occasional, slight leg movements (4 pts.), and 28% stood with no movement of legs (5 pts.). Among the cows in later stages of lactation, the proportion of most excitable cows was 3 times as low, while the proportion of calmer cows increased (4 and 5 pts.). This result confirms the trends observed for cows' premilking activity, namely that the proportion of calm cows increases as lactation progresses. Both subsets were further partitioned, the former by the lactation number (<3 and ≥3), and the latter by the side occupied in the parlour (left and right).
Abbreviations: DIM -days of lactation (days), SIDE -side occupied by a cow in the milking parlour (L -left side of the milking parlour, R -right side of the milking parlour), LACTATION -number of lactation (1, 2, 3, 4-7), MILK -milk yield per milking (kg), MILKING -time of day when the cows were milked (morning and evening milking). Cows up to the third lactation (node 4) were characterized by higher activity during milking compared to older cows (almost 36% with a score of 3 pts. and only 24% with a score of 5 pts.). The subset of older cows was not further partitioned (it became a leaf) and came to include mostly cows standing with occasional, slight leg movements (45%) and those standing motionless (45%). Node 4 was partitioned based on the place occupied in the milking parlour. Almost 45% of cows occupying the right side of the parlour as well as stalls 1-3 on the left side of the parlour (node 8) were classified as excitable, because they made energetic leg movements during milking (3 pts.). Cows occupying the other place in the milking parlour (node 9) formed a subset (leaf), in which the excitable cows did not exceed 22%, forming the smallest group. Node 8 was partitioned based on the lactation day into subsets of <41 and ≥41 days. The peak lactation cows (node 15) were dominated (49%) by excitable cows that made energetic leg movements during milking (3 pts), while there were only 23% of very calm cows.
It was found that the most important factor that differentiated the cows beyond 81 days of lactation (node 3) was the place occupied in the milking parlour, but the differences concerned the proportion of motor activity scored as 4 and 5 pts. The node for cows occupying the right side of the milking parlour (node 6) was partitioned based on milk yield per milking, and again the milk yield was the factor that differentiated the subset of lower yielding cows. In the evaluation of motor activity, the lower yielding cows were more often assessed to be calm (5 pts.). Analysis of the group of cows occupying the left side of the parlour (node 7) showed almost 53% of the cows scoring 4 pts. for activity and 37% of very calm cows. Node 7 was partitioned based on the time of milking: node 12 (morning) with 63% of calm and 28% of very calm cows, and node 13 (evening) with over 43% of calm and 47% of very calm cows. Node 12 was not partitioned further, whereas node 13 was differentiated based on milking days (cows up to 152 days of lactation (node 24) and cows beyond 152 days of lactation (node 25), with node 24 becoming a leaf and node 25 being partitioned again based on milking day. The proportion of cows which scored 5 pts. for activity was found to decrease with advancing lactation (≥152 days and ≥310 days). Node 33 was not further partitioned, whereas node 32 was split, based on milk yield: <10.97 kg milk (node 38) and >10.97 kg (node 39), in which the most restless cows formed as much as 17.7%. In the group of lower yielding cows (node 38), 62% of the cows were very calm.
Conclusions
In the evaluation of motor activity, it was found that more excitable cows were the first to occupy the stalls in the milking parlour, their milk yields was greater.
Teat cup attachment time increased with increasing motor activity of the cows (by about 1 s). The cows' reactivity decreased as lactation advanced.
